Muons produced via the π → µν µ decay are in an entangled superposition of energy states because the ν µ is not a mass eigenstate. This presents an opportunity to access neutrino mixing parameters via muon decay. The oscillation period is long compared to the muon lifetime which presents some experimental challenges.
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Neutrino masses and mixings have become an area of intense study. Access to the neutrino parameters via experiments in which neutrinos do not need to be observed at large distances would permit verification and more precise measurements of the mixing parameters.
In the two body decay π → µν µ the recoiling muon has an energy given by:
Where m ν is the recoiling neutrino mass. Since the ν µ is not a mass eigenstate the recoiling muon will be in an entangled superposition of closely spaced energy states.
If:
one expects:
A two component model has been used for illustration. Neutrino mixing seems to be dominated by two component mixing. Extension to three components is straightforward.
The decay time distribution should be :
Temporal modulation of the standard exponential decay by 1 + sin(2θ) cos(
t) is avoided due to the orthogonality of the two neutrino mass states, < ν 2 |ν 1 >= 0 so a pure exponential is observed.
The other orthogonal lepton flavor state is given by:
One can rewrite the π decay final state in the flavor basis by rewriting |ν 1 > and |ν 2 > in terms of |ν µ > and |ν x >.
This gives the two body π → µν decay final state as:
A measurement of a |ν µ > via a charged current interaction projects out the coherent superposition of energy states:
Where N is the normalization, N = 1.
The time dependence of this ν µ tagged muon state is now seen to be:
The decay time distribution of the tagged muon is no longer exponential. The time distribution is modulated in amplitude and time by factors that depend on the neutrino mixing parameters, θ and ∆m If one were able to reliably tag the alternative, |ν x > neutrino type, muons with the ν x tag would have a time dependence of the form:
Notice that:
We conclude that temporal modulation of the muon decay time distribution can yield, in principle, information about neutrino oscillation parameters.
3
The oscillation period is many times longer than the muon lifetime so intense sources would be needed to observe the modulation of the exponential decay. Comparing the ν µ tagged decay time distribution with the decay time distribution for all decays may eliminate some forms of systematic error.
Due to the finite width of the π and µ the energy, E µ given above will not be exact.
But any energy is split by (almost) the same amount due to the recoiling neutrino mass differences. Splitting energies are shifted by no more than 
